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Summary: The population of visible and buried impact 

ded MOLA data and the mmulatw . e frequency curves de- 
rived for these p v i d e  a basis for a chnology of major 
events in early martian history. The relative cbronobgy can 
be given m tcrms of N(200) crater retention ages; ‘‘absolute 
ages” can be assigued using the Hmmnn-Ncukum (H&N) 
model chronology. In teams of billions of HBtN years, the 
crustal dichotomy formed by large impact basins at 4.12 +/- 
0.08 BYA W(200) = 3.0-321 and the global &etic field 
died at about or slightly before the same d (4.15 +/- 0.08 

basins > 200 km diamdcr revealed by high rtsbhrtion grid- 

BYA) [N(200) = 351. In this ~hronol~m, h buried low- 
lands am -120 my YOMga than the buried highlands), -160 
my younger than the highlands overall and -340 my younger 
than the oldest crater -tion surface we see, &fined by the 
Iargestimpactbasin& 

Introdnctioa. The total population of visible and buried 
impau basins on Mars provides a basis for determining the 
crater retention age cfthe highlands and buried lowlands, as 
well as the r e W e  sequence and crater retention age of the 
very largest impact basins. We use the large size population 
of all Quasi-circular Depressions [1,2] (QCDs) > 200 Ian 
diameter [3,4,5J revealed by MOLAbecause: (a)thetotal 
number found was tractable (-560); @) features of this size 

-4 km [6]) andthcr&rc might be expected to slpvive over 
all of martian histoq and (c) this is an appmpnate * size for 
cornparison with other data such as the distriburion of gravity 
and magnetic anomdies (see below and accompanying ab- 
stract). The buried population is much greater than the visi- 
ble population m both the lowlands and the highlands. Tbt 
density of all (visibleeburied) basins is also much greater in 
the highlands than m the lowlands, by roughly a factor 4 
(much larger than their areal ratio). Finally, there is a popula- 
tion of very large basins @>lOOOkm) which is equally di- 
vided between the two hemispheres. This includes two Uto- 
piasize buried features in the highlais, one near but not 
identical to an earlier proposed Daedah basin [7,8] and the 
other centered near 4N, 16W which we call the Ares Badn 
and which appears to have controlled early fluvial drainage 
through the Uzboi-Ladon-Arden Valles througb Margari- 
tifer-Iani Chaos. 

Cumulative Fkequeucy Curves and Crater Retention 
Ages: There is a small (-10) population of very large basins 
(D=1300-3000km) which follow a -2 power law slopt on the 
log-log currmlatve ficquency plots. This may rcpresent ihc 
oldest detectable surface on Man [3]; later we use a -2 
power law extraplation of this to give an N(200) age for this 
surface. At diametm d e r  than -500 km the total popula- 
tions in both highlands and lowlands again follow a -2 dope; 
for the planet-wide visible population this i s  the same slope 
as for the very large diameter basii. On a regional basis, the 
total population for MOO km for the lowlauds lies above 
the visible highland population, but below the buried (and 
also below the total) highland population in the currmlativ e 
hquency plot. This suggests the lowland crust is somewhat 

arc difficult to bury completely (rim heights 1-13 hs depths 

younger than the highland crust, as we have previously sug- 

AiintenmW * ediamters (1200 down to about 6OOkm) 
the global visible population of basins falls off the -2 slope 
before reMlvering at smaller dianeters. The visible and total 
population of the highlands has a similar depletion, but the 
buried papulation in the highlands d m  not. We speculate 
that this depletion of intermdate size basins is the signature 
of some global-scale event very early m madan history, such 
as the f o d o n  of the slightly younger lowlands andlor the 
growth of Tbarsis [3,4,5l. 

CompuieOn with Magnuic A d a :  We compared 
the distribution of QCDs with the distribution of ma~plctic 
anomalies [3,4], both d e l e d  [9,10, 111 and dircctly ob- 
served [12,13]. Most very large basins do not have promi- 
nent magnetic anomalies lying within their main ring, as had 
been previously suggested for the obvious Hellas and Argyre 
B a s h  [12,14]. But the two very large highland basins, Dae- 
dalia and Ares, & have prominent m o d i s  iing within 
their main rings. These two are the oldest of the population, 
based on their very subdued nature and the large number of 
supeximposed smaller basins, and may predate the disappmr- 
ance of the global magnetic field [3,4]. 

A Chronology of Major Events in the Early History of 
Mars: We use the cumulative number of basins larger than 
200 lan diamta pamillion square km w(200)] toplace the 
large diamter basins in a chronology (Figure 1). The high- 
land total N(200) age is [4.53]. The ancient Arcs Basin is 
slightly older [3.98] than the buried highland surface [3.89]. 
The three basins which w n t r i i  most to the lowland topog- 
raphy (“lowland-mahg basins Acidalia, Utopia, and 

gested 12~41. 

m), all older v(200) 3.12-3.27 than the buried 
and total lowland crust [2.39-2.47], they Should be. Ar- 
gyre [221] and Isidis [I391 fonned after the lowland crust, 
but Hellas [2.68] may have formed before. 

Another age of irrtacSt in this chronology can be derived 
by extrapolation from the largest impact basins, which, be- 
fore the depopulation at D4300 km, roughly follow a -2 
power law. Extending this to W200 gives an N(200) age of - 8.5, significantly older than the buried and total highlands. 
This probably represents the oldest N(200) age that can be 
e s t h k d ,  but is not the oldest age on Mars. There must be 
sti l l  older crust if the oldest large basins are prcscrved as 
recognizable stmctum (see discussion below). 

The nlatin basin sequtnce is fkirly secure and consis- 
tent with regional age based on counts of superimposed 
impact basins (2.41. The line dividing the magnetic fkld/no- 
magnetic field eras is less so. We place it at N(200) - 3.5, 
just before or perhaps about the same time as the foxmation 
of the “lowland-making” basins, The few weak anomalies in 
Utopia, Acidalia and Chryse may represent parhal re.-- 
netization of the crust in a dying field following f o d o n  of 
these intewediatc age basins. This is an extension of the idea 
that basins withoui anomalies formed &r the field disap- 
peared [12,14]. 
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Figure 1: Possible chronology of early events in mar- 
tian history, including formation of major impact ba- 
sins before and after presence of global magnetic field, 
baed OR mater retention ages for D 2 0 0  km, 

"Absdnte Ages" and Major Events in Martian Elis- 
tory: We can convert the N(200) relative uater retention 
ages into "absolute ages" uskg the Ha~tmmmNcukum 
model c h l o g y  [ 151. This is uncutam . by at least a factor 
2 [16]. We use Tanaka's [17] crater couuts at d diama 
ten (2,5,16 hn) to collv~t his N(16) ages for major epoch 
boundaries (Early NoachianlMddle Noachian m, 
Middle N o a & h L &  Nortchian [m, etc.) to N(200) 
ages assuming a -2 power law. Note this is consistent with 
the cumukv e frequency CUIVCS disarsscd above. Harhnann 
and Neuhrm [15] provide an absolute age for each of these 
epoch boundaries based on their model chronology. Thus we 
can plot a graph of H&N age versus N(200) age with points 
for the E" and MNLN. We consider two cases for the 
H&N value for the earliest age we find, extrapolated h m t h e  
large basin population @>1300 km diamcta): the lower 
boundary on this is a linear extrapolation firrm the EN/MN 
and ht" points and the upper boundary is the unlikely 
case where the extrapolated age corresponds to the origin of 
Mars at 4.6 BYA 

Table 1 shorn the nsulting N(200) and "absolute ages" 
in billions of Ha~tmam-Neukum years for major events in 
martian history. With the Etctor of 2 and additional pre- 
Noachian uncertainty caveat, the total highlands have an 
absolute age of 4.104.33 BY. The buried highlands are 
slightly younger (4.08427) than the Ares Basin (4.09-428), 
and distinctly older than the bmied lowlands at 4.014.11 
BY. These buried lowlands arc slightly younger than the 
"lowland-makhg" basins Utopia, Acidalia and Chryse at 
4.04-4.20 BY, as they should be. We take this to be the age 
of the foxmation of the crustal dichotomy. Based on the very 
low number of magnetic a n o d e s  in these "lowland- 
making" basins, the nesr absence of such anomalies in still 
younger basins like Hellas, kidis and Argyre (4.02-4.14, 
4.004.07 and 3.92 BY respectively), and the zwumption that 

this inplies the global magnetic field had died by the time 
these basins had formed [12,14], we set the hun-off of the 
global field at N(200) - 3.5, or 4.07-4.23 BYA 

Conclusions: The (visible and buried) large dismeter 
crater population suggest the buried lowlands are slightly 
younger than the buried highiands, but significantly older 
than the exposed highland surface. Formation of the low- 
lands may have caused a depletion in the . ' &at e size 
global population of visible basins. Buried basins outrrmn- 
bervisiile basins for all diamtcrs < 500 km, inplying a 
significant hidden but r ccovd le  early history for Mars. 
Very large basii  appear to have separable mater retention 
ages and the existence or absence of magnetic a n o d e s  m 
thcir interiors may suggest that the oldest large basins formed 
before the magnetic field did In a Hxhna~-Neuhm 
d e l  chronology, the crustal dichotomy formd by large 
impact basins occurred at 4.12 +/- 0.08 BYA and the global 
magndc field died at about or slightly befon the ~ 8 1 1 1 ~  time 
(4.15 +I- 0.08 BYA). 
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